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From the standard seesaw mechanism of neutrino mass generation, which is based on the assump- 
tion that the lepton number is violated at a large (~ 10^^ GeV) scale, follows that the neutrinoless 
double-beta decay (Oi//?/3-decay) is ruled by the Majorana neutrino mass mechanism. Within this no- 
tion, for the inverted neutrino- mass hierarchy we derive allowed ranges of half- lives of the 0:^/3 /3-decay 
for nuclei of experimental interest with different sets of nuclear matrix elements. The present-day 
results of the calculation of the Oi//3/?-decay nuclear matrix elements are briefly discussed. We argue 
that if Oz^/3/3-decay will be observed in future experiments sensitive to the effective Majorana mass 
in the inverted mass hierarchy region, a comparison of the derived ranges with measured half-lives 
will allow us to probe the standard seesaw mechanism assuming that future cosmological data will 
establish the sum of neutrino masses to be about 0.2 eV. 

PACS numbers: 98.80.Es,23.40.Bw; 23.40.Hc 
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I. INTRODUCTION 

The observation of neutrino oscillations in atmospheric 
[l| , solar [2| , reactor [3] and accelerator 0, [E] neutrino 
experiments is the most important recent discovery in 
particle physics. It is very unlikely that neutrino masses, 
many orders of magnitude smaller than the masses of 
quarks and leptons, are generated by the standard Higgs 
mechanism. Small neutrino masses and neutrino mixing 
are commonly considered as a signature of physics be- 
yond the Standard Model (SM). Several beyond the SM 
mechanisms of neutrino mass generation were proposed. 
The most viable and plausible mechanism is the famous 
seesaw mechanism which is based on the assumption that 
the total lepton number L is violated at a scale much 
larger than the electroweak scale v = {^/2Gf)~^^^ — 246 
GeV. 

If the total lepton number is violated, neutrinos with 
definite masses are Majorana particles. After the discov- 
ery of neutrino oscillations the problem of the nature of 
neutrinos with definite masses (Majorana or Dirac?) be- 
came the most pressing issue. 

Information about the nature of neutrinos with def- 
inite masses can not be obtained via the investigation 
of neutrino oscillations In order to obtain such an 
information it is necessary to study processes in which 
the total lepton number L is violated. The investigation 
of neutrinoless double-beta decay (Oi^/3/3-decay) of even- 
even nuclei 

iA,Z)^{A,Z + 2) + e-+e- 

is the most sensitive way to search for the effects of the 
lepton number violation. 

The observation of the 0^/3/3-decay will prove that Vi 
are Majorana particles. In this paper we show that an ev- 
idence of this process in future Oi^/3/3-decay experiments 



sensitive to the effective Majorana mass in the inverted 
mass hierarchy region could allow us to obtain informa- 
tion about the validity of the original seesaw idea |7| of 
neutrino mass generation associated with a violation of 
the total lepton number at GUT scale assuming that a 
proper information about the lightest neutrino mass will 
be available from future cosmological data. 



II. SEESAW MECHANISM OF NEUTRINO 
MASS GENERATION 

The standard seesaw mechanism (type I seesaw) is 
based on the assumption that there exist heavy Majo- 
rana leptons Ni, singlets of the SUl{2) x U{1) group, 
which have the following lepton number violating Yukawa 
interactions with lepton and Higgs doublets 



C = -V2Y,yHLiLN,RH + h.c 
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VlL 
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H(o) 
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are lepton and Higgs doublets, H 
mensionless constants and 



iT2H* , Yii are di- 



N,=Nf 



cm 



is the field of heavy Majorana leptons with mass Mi 
which is much larger than v. 

At electroweak energies for the processes with virtual 
Ni the interactions ([T]) generate the effective Lagrangian 



Aff = LvLHY,{Yi,,-^Yu)CH'^{LiLf + h.c 



(3) 
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which does not conserve the total lepton number L and 
is the only effective Lagrangian of the dimension five Q . 
In ([3]), the parameter A has the dimension of mass and 
characterizes the scale of new physics beyond the SM. 

After spontaneous violation of the electroweak sym- 
metry the Lagrangian Q generates the left-handed Ma- 
jorana mass term 



I'l 



where 



M 



(4) 
(5) 



vf = Vi is the field of the Majorana neutrino with the 
mass m,i and the flavor field vil is given by the standard 
mixing relation 



VlL 



(6) 



Here, Uu are the elements of the Pontecorvo-Maki- 

Nakagawa-Sakata neutrino mixing matrix d, The 

size of neutrino masses is determined by the seesaw fac- 
2 

tor JJ-. From the existing data we can estimate that 

M, ^ (10^^ - 10^^) GeV. 

Let us stress that from the point of view of the stan- 
dard seesaw approach small Majorana neutrino masses 
are the only low energy signature of physics beyond the 
SM at a GUT scale where the total lepton number is vi- 
olated^ 

The effective Lagrangian Ccff and, consequently, the 
left-handed Majorana mass term can be generated 
not only by the interaction ([T]) but also by an interaction 
of lepton pairs and a Higgs pair with a triplet heavy 
scalar boson A (type II seesaw) and by an interaction of 
lepton-Higgs pairs with heavy Majorana triplet fermion 
S (type III seesaw) (see [13 )■ 

From the previous discussion we can conclude that if 
the total lepton number L is violated at a GUT scale due 
to the existence of a heavy singlet (or triplet) Majorana 
fermion or a heavy triplet scalar boson interacting with 
standard lepton and Higgs doublets then 

• neutrinos have small, seesaw suppressed masses (in 
accordance with the existing experimental data), 

• neutrinos with definite masses are Majorana parti- 
cles and the only mechanism of the Oi^/3/3-decay is 
the exchange of virtual Majorana neutrinos. 

In this paper we will explore these just mentioned general 
consequence of the standard seesaw mechanism. 



^ In the early Universe at very high temperatures heavy Majorana 
leptons Ni can be produced. Their CP-violating decays could 
lead to the baryon asymmetry of the Universe (see [Til and ref- 
erences therein). 



III. 0///3^-DECAY: NUCLEAR MATRIX 
ELEMENTS 

Neutrinoless double /3-decay of even-even nuclei is a 
process of second order in the Fermi constant Gp with 
the exchange of virtual Majorana neutrinos between n — 
p — e~ vertexes. The mixed neutrino propagator has the 
form 



^~l5 \ "f-p + mi /I - 75 



C 



where 



(7) 



(8) 



is the effective Majorana mass. 
Let us stress that 

• due to the V — A structure of the weak charged 
current and neutrino mixing the matrix elements 
of the Oi^/3/3-decay are proportional to m^^. 

• the average momentum of the virtual neutrinos is 
about 100 MeV. Thus, p"^ > mf and the nuclear 
matrix elements do not depend on rui. As a result, 
in the matrix elements of the /3-decay, neutrino 
properties and nuclear properties are factorized. 

The inverted half-life of the Oi^/3/3-decay is given by the 
following general expression [13] 
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M^\M{A,Z)\'G'-'{Eo,Z). (9) 



Here M{A, Z) is the nuclear matrix element (NME) (ma- 
trix element between states of the initial and the final 
nuclei of the integrated product of two hadron charged 
currents and the neutrino propagator) and G^'^{Eq, Z) is 
a known phase-space factor (£^0 is the energy release) 

For our calculations we will need the values of the 
Oi^/3 /3-decay NMEs for different nuclei of experimental in- 
terest. We will briefly discuss here the present-day situa- 
tion of the calculation of NMEs, compare existing meth- 
ods, stress differences between them and present current 
values of NMEs. 

The calculation of the NME is a complicated nuclear 
many-body problem. During many years two approaches 
were used: the Quasip article Random Phase Approxi- 
mationfQRPA) [15l - [l7| and the Interacting Shell Model 
(ISM)[l8|. There are substantial differences between 
both approaches. The QRPA treats a large single particle 



^ For numerical values of G'^'^{Eo, Z) see [13. 
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TABLE I. The NME of the 0!//3/3-decay calculated in the framework of different approaches: interacting shell model (ISM) 
[l^ . quasiparticle random phase approximation (QRPA) [l5l.[l7l|. projected Hartree-Fock Bogoliubov approach (PHFB, PQQ2 
parametrization) ) [S^], energy density functional method (EDF) [S^l and interacting boson model (IBM) [2l[. The Miller- 
Spencer Jastrow two-nucleon short-range correlations are taken into account. The EDF results are multiplied by 0.80 in order 
to account for the difference between UCOM and Jastrow [l^. qa ~ 1-25 and R = 1.2A^^^ are assumed. 

Transition M{A, Z) 



ISM [18] QRPA [15, rr] IBM-2 [21] PHFB [20] EDF [22] 
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model space, but truncates heavily the included configu- 
rations. The ISM, by contrast, treats a small fraction of 
this model space, but allows the nucleons to correlate in 
many different ways. We note that the latest QRPA re- 
sults of the Jyvaskyla-La Plata group fToJ agree well with 
those of the Tuebingen-Bratislava-Caltech group [H, [l^ 
by using the same way of adjusting the parameters of the 
nuclear Hamiltonian |15| . 

In the last few years several new approaches have been 
used for the calculation of the Oj^/3/3-decay NMEs: the 
angular momentum Projected Hartree-Fock-Bogoliubov 
method (PHFB) [lOI, the Interacting Boson Model (IBM) 
21|. and the Energy Density Functional method (EDF) 
23 |. In the PHFB approach, the nucleon pairs different 
from 0+ in the intrinsic coordinate system are strongly 
suppressed. In the framework of the ISM and the QRPA 
approaches it was shown, however, that other neutron 
pairs make significant contributions [23l |. Let us notice 
also that in the IBM approach only transitions of 0+ and 
2^ neutron pairs into proton pairs are taken into account. 
The EDF approach is an improvement with respect to the 
PHFB approach. Beyond-mean-field effects are included 
within the generating coordinate method with particle 
number and angular momentum projection for both ini- 
tial and final ground states. But, the quality of the IBM 
and the EDF many-body wave functions have not been 
tested yet by the calculation of the 2z//3/3-decay half-lives. 

In Table HI recent results of the different methods are 
summarized. The presented numbers have been obtained 
with the unquenched value of the axial coupling constant 
{gA = l-25j3, Miller-Spencer Jastrow short-range corre- 
lations [l^] (the EDF values are multiplied by 0.80 in or- 



der to account for the difference between the unitary cor- 
relation operator method (UCOM) and the Jastrow ap- 
proach [lii]), the same nucleon dipole form- factors, higher 
order corrections to the nucleon current and the nuclear 
radius R = r^A^/^, with ro = 1.2 fm (the QRPA values 
for To = 1.1 fm are rescaled with the factor 1.2/1.1). 
Thus, the discrepancies among the results of different 
approaches are solely related to the approximations on 
which a given nuclear many-body method is based. 

From Table U we see that the smallest values of NMEs 
are obtained in the ISM approach. They are by about a 
factor of 2-3 smaller in comparison with results of other 
methods. The largest values of NME are obtained in 
the IBM (^^Ge and ^^^Te), PHFB {^^°Mo, "OTe and 
^^°Nd), QRPA (^^°Nd) and EDF (^^Ca, ^^Zr, ^^^Cd, 
^^^Sn and ^^^Xe) approaches. NMEs obtained by the 
QRPA and IBM methods are in a good agreement (with 
the exception of ^^'-'Nd). It is remarkable that for ^^°Te 
the results of four different methods (QRPA, PHFB, IBM 
and EDF) are close to each other. 

The differences among the listed methods of NME cal- 
culations for the Oi'/J/J-decay are due to the following 
reasons: 

(i) The mean field is used in different ways. As a result, 
single particle occupancies of individual orbits of various 
methods differ significantly from each other (25j |. 

(ii) The residual interactions are of various origin and 
renormalized in different ways. 

(iii) Various sizes of the model space are taken into ac- 
count. 

(iv) Different many-body approximations are used in the 
diagonalization of the nuclear Hamiltonian. 



A modern value of the axial-vector coupling constant is gA = 
1.269. We note that in the referred calculations of the Oi//3/3- 



decay NMEs the previously accepted value qa = 1-25 was as- 
sumed. 
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FIG. 1. (Color online) Effective Majorana neutrino mass 
|m;3^| as function of the lightest neutrino mass mo for the 
cases of normal (NS, mo = mi) and inverted (IS, mo = ms) 
spectrum of neutrino masses. Am\ = (2.43±0.13) x 10~^ eV^ 
d, Am| = (7.65l:E;:^g) x lO-^ eV^ g^, tan^^ia = 0A52to°ll 
01 and 0.03(0.04) < 8111^2913 < 0.28(0.34) ^ for NS (IS) are 
considered. The current limit of X/^-i — 0.28 eV [S^ for 
the sum of neutrino masses excludes values of mo larger 0.084 
eV. 

Each of the applied methods has some advantages and 
disadvantages. 



IV. POSSIBLE PROBE OF THE MAJORANA 
NEUTRINO MASS MECHANISM OF THE 

Oj//3^-DECAY 

Many experiments on the search for OjyB/3-heta decay 
of different nuclei were performed (see |26|). No indica- 
tions in favor of Oi//3/3-decay were obtained in these exper- 
iments. There exist, however, a claim of the observation 
of the Oi^/3/3-decay of ''^Ge made by some participants 
of the Heidelberg- Moscow collaboration [27]. Their es- 
timated value of the effective Majorana mass (assuming 
a specific value for the NME) is |m^^| ~ 0.4 eV. This 
result will be checked by an independent experiment rel- 
atively soon. In the new germanium experiment GERDA 
[2^ , the Heidelberg- Moscow sensitivity will be reached in 
about one year of measuring time. 

From the most precise experiments on the search for 
01^/3 ^-decay the following bounds were inferred [29l - l3]| : 

\mpfs\ < (0.20 - 0.32) eV C^Ge), 

< (0.30 - 0.71) eV (""Te), 

< (0.50 - 0.96) ey (^^Oj^q-)^ ^^^q-^ 

These bounds we obtained using the Oz^/3/3-decay NMEs 
of [121 calculated with Brueckner two-nucleon short- 
range correlations. 



In future experiments, CUORE[305, EXOfssl, 
MAJORANAH, SuperNEMO §5,], SNO+ 36], 
Kamland-ZEN and others [1^ , a sensitivity 

Jto^^j] ~ a few 10^2 eV (11) 

is planned to be reached. 

The value of the effective Majorana mass strongly de- 
pends on the character of the neutrino mass spectrum. 
For the case of three neutrinos two types of mass spectra 
are allowed by the neutrino oscillation data: 

1. Normal spectrum (NS) 

TOl < 7712 < m3, Am^2 ^ ^^23: (1^) 

2. Inverted spectrum (IS) 

TO3 < TOl < m2, Atoi2 ^ JAmig]. (13) 

In the case of NS, we have for the neutrino masses 



"12 = Y"1q + Am|, rriz ~ \J ml + /\m\. (14) 
For IS wc find 



mi = yml + Am\, m2 ^ \J ml + Am\. (15) 

Here Ami2 = Am| and Aml^{\Aml^\) — Am\ are the 
solar and atmospheric neutrino mass-squared differences, 
respectively, and toq = toi(to3) is the lightest neutrino 
mass for NS(IS). 

In Fig. [T] the effective Majorana mass Jto/j^] is plot- 
ted as a function of toq for the cases of the NS and the 
I^. The lowest value for the sum of the neutrino masses, 
which can be reached in future cosmological measure- 
ments f39l - l4l| . is about (0.05-0.1) eV. The corresponding 
values of toq are in the region, where the IS and the NS 
predictions for Jm/j^j differ significantly from each other. 

Future experiments on the search for the Oi^/3/3-decay 
will probe the region of the inverted mass hierarchjjfl 

TO3 ^ TOl < TO2. (16) 

In this case we have 



TOi~TO2~yATO^, ms <t: y Am\. (17) 

Neglecting small contribution of the term TO3][/e3l^7 for 
the effective Majorana mass in the case of the inverted 
mass hierarchy (|16p we obtain the following expression 

Jto^^I ~ \J Am\ cos^6li3 (1 - sin^2 6'i2 aiv? ai2)^ , 

(18) 



Notice that for NS this figure differs significantly from analogous 
figures published in the literature. This is connected with the fact 
that we use new T2K data 38j for the values of the parameter 
sin^ 26»i3. 

^ Let us note that the Oi^/3/3-decay in the case of the inverted hi- 
erarchy was considered in detail in a recent paper [43l . 
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where ai2 = a-i — a\ is the difference of the Majorana 
phases of the elements J7e2 and C/ei with U^i = |?7ei|e*"^ 
(i=l,2). 

The phase difference an is the only unknown parame- 
ter in the expression for |m;3^|. From (1181) we obtain the 
following inequality 



Am^ cos^ Q 



13 



cos 2 ( 



'12 



< 



< 



Am\ cos^ 013, 



(19) 

where upper and lower bounds correspond to the case 
of the CP invariance in the lepton sector (upper (lower) 
bound corresponds to the same (opposite) CP-parities of 
i>i and 1^2)- 

From (flQl) we find 



(20) 



1.5 • 10-2 eV < \mfip\ < 5.0 • 10"^ eV, 



where we used the MINOS value Am\ = (2.43 ± 0.13) x 
10-3 eV^ M, the solar-KamLAND value tan^ 6*12 = 
0.452tg;o33 [3| and the recent T2K observation 6*13: 
0.04 < sin226'i3 < 0.34 [s^. 

From p7|) follows that in the case of inverted mass 
hierarchy we have for the sum of the neutrino masses 



10-1 eV. 



(21) 



As is well known, the quantity can be inferred 

from the measurement of the distribution of galaxies and 
other cosmological observations. At present from cosmo- 
logical data the bound J2i ^ 0.5 eV was obtained 
[43|,[3^. It is expected that in the future various cosmo- 
logical observables will be sensitive to - in the range 
(6 • 10-3 _ 10-1) eV (see, for example, I4l|). Thus, the 
inverted neutrino mass hierarchy ()16|) will be tested by 
future precision cosmology. 

We will now discuss a possibility to check the Majorana 
mass mechanism for the case that the 0://3/3-decay will 
be observed in future experiments sensitive to the region 
pO)) of the inverted hierarchy. 

From © and we find the following inequalities for 
the half-life of Oi^/3/3-decay 

(A, Z) < ri";^ (A, Z) < (A, Z) (22) 

with 

Ti7*"(A,Z) 

Tr,T{A.Z) 



1 

Am\\M{A,Z)\^G°-{Ea,Zy 
1 



Am\ cos2 2 ei2\M{A, Z)\^G^''[Eo, Z) ' 

(23) 

In Figl2]we present ranges of Oi^/3/3-decay half-lives of dif- 
ferent nuclei. If the measured half-life of the Oz^/3/3-decay 
is in the range given by Eq. (|22t this will be an evidence 
in favor of the Majorana neutrino mass mechanism (as- 
suming inverted mass hierarchy). 
Two remarks are in order: 



1. It is seen from FigUthat the horizontal band de- 
termined by the inequality (|20p is restricted by the 
condition toq < \J Am\ ~ 5 • 10-^ cV (which cor- 
responds to '^i'mi < 1.9 • 10-1 eV). If future cos- 
mological data will establish this range for mo and 
the measured Oj//3/3-decay half-lives will be within 
the range given by inequality (1^^ this will be an 
evidence in favor of the Majorana mass mechanism. 
It is obvious that without knowledge of the value 
of the lightest neutrino mass it is impossible to de- 
termine in which region we are (IS or NS). 

2. In addition to the Majorana mass mechanism, also 
other mechanisms of the Oz^/3/3-decay, caused by a 
possible violation of the total lepton number L at a 
scale which is much smaller than the standard see- 
saw GUT scale, were discussed in the literature. If 
L is violated at ~ TeV scale a contribution of these 
additional mechanisms to the matrix element of the 
Oi^/3/3-decay can be comparable with the Majorana 
mass contribution!^. Thus, a significant violation 
of the inequalities ([2^ could happen. Examples of 
new mechanisms are the exchange of heavy Majo- 
rana neutralino or gluino in SUSY models with the 
violation of the R-parity (see recent papers El- 
|48|). the exchange of right-handed Majorana neu- 
trinos with mass at the electroweak scale (see 49] ) , 
the exchange of heavy Majorana right-handed neu- 
trinos in L — R models (see [4J]), etc. 

New mechanisms are characterized by parameters 
which are not connected with neutrino oscillation 
parameters. In addition, the NMEs of the Majo- 
rana mass mechanism and these possibly additional 
mechanisms are not connected and are different. 
Thus, it requires fine tuning for such mechanisms to 
contribute to the relatively narrow Majorana mass 
region ([20)) and mimic the effect of the Majorana 
phase difference. It is natural to expect that con- 
tributions to the matrix element of the Oz^/3/3-decay 
of the Majorana mass mechanism and mechanisms 
connected with the violation of the lepton number 
at TeV scale could be quite different (see, for exam- 
ple, l49l I50I). Moreover, such mechanisms will be 
checked in LHC experiments by the search for ef- 
fects of a violation of the total lepton number (like 
production of the same-sign lepton pairs in p — p 
coUisions, etc., see [soj). 



^ In fact, the matrix element of the Oi//3/3-decay in the case 
of the Majorana neutrino mass mechanism is proportional to 
(^^)^ "p^*^ ' "^^''^ P — MeV is the average momentum of 
the virtual neutrino. On the other side, the contribution to the 
matrix element of the Of/S/S-decay by an exchange of a heavy 
Majorana lepton with a mass ~ A (A is the scale of new 

physics) is proportional to (— ^)^( ) (Mw is the mass of the 

W-boson) ^44]. If we assume that |m/3^| ~ 10 ~^ eV we conclude 
that both contributions are comparable, if M-^ ~ 2 TeV. 
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In Figl2] we present ranges of Oi//3/3-decay half-lives of 
different nuclei in the case of inverted hierarchy of the 
neutrino masses. Three sets of NMEs are considered: 

1) The ISM NMEs ^ calculated for gA = 1.25 
(see second column of Table H]). In this case 
M{A, Z) = M'"'"(A, Z) = A/'"^''(A, Z). 

2) The minimal Af™'"(yl, Z) and maximal M™^'^(A, Z) 
NMEs of the QRPA, IBM and EDF approaches (see 
Table m. 

3) The NMEs calculated in the framework of the renor- 
mahzed QRPA and the QRPA ((R)QRPA) with their 
variances obtained with Brueckner short-range correla- 
tions. The effective weak coupling constant is assumed 
to be within the range 1.0 < g'^/^ 



32|. Here, 



< 1.25 

g~j( ' is the quenched axial- vector coupling constant. We 
note that the significant reduction (quenching) of the 
strength observed in nuclear Gamow- Teller transitions 
still has no clear experimental quantification and the- 
oretical understanding. Usually, two possible physical 
origins of the quenching have been discussed in the 
literature: one due to the A-isobar admixture in the 
nuclear wavefunction and another one due to the shift of 
the Gamow- Teller strength to higher excitation energies 
induced by short-range tensor correlations. In the 
absence of a better prescription, the effect of quenching 
is often simply evaluated by replacing the bare value 
gA = 1-25 with an empirical, quenched value g'^/^ = 1. 

Considering the ISM NMEs, the allowed intervals for 
half-lives are purely determined by the Majorana phase 
difference ai2 with < sin^ q;i2 < 1. From Fig. [2] we 
see that the allowed ranges of calculated with the 
QRPA, IBM and EDF NMEs differ significantly from the 
ISM ranges. For nuclei, where a comparison is possible, 
the ranges are slightly larger, however, shifted down to 
smaller half-lives. It reflects the difference in calculated 
NMEs between the ISM and a group of the QRPA, IBM 
and EDF approaches for gA = 1.25. We notice that for 
many nuclei the ranges of half-lives obtained with the 
(R)QRPA results by assuming a possible quenching of 
gA in nuclear matter (the third set of NMEs) are compa- 
rable with those of the QRPA, IBM and EDF NMEs for 
(7yi=1.25. Thus, the problem of the correct description 
of two-nucleon short-range correlations and of the deter- 
mination of the effective weak-coupling constant g'^J^^ is 
as important as the differences incorporated in the con- 
struction of nuclear wave functions. However, it is not 
clear yet how to determine 5^^'^ reliably for a given nu- 
cleus |51j . 

In the last few years there has been a significant 
progress in understanding the source of the spread of cal- 
culated NMEs. Nevertheless, there is no consensus as yet 
among nuclear theorists on the correct NME values and 
their uncertainties. However, the recent development in 
the field is encouraging. There is good reason to believe 
that the uncertainty will be reduced. 

We will finish with the following remarks: 
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« ISM(g^=1.25) 

A QRPA+IBM+EDF(g^=1.25) 
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FIG. 2. (Color online) The allowed intervals of the QujSP- 
decay half-life T^'y'j [see Eq. (|22|l ] for nuclei of experimental 
interest in the case of the see-saw mechanism and inverted 
hierarchy of neutrino masses. Results are presented for the 
ISM and a group of 3 methods (QRPA, IBM and EDF) by 
considering qa = 1.25 and Jastrow short-range correlations. 
In addition the allowed (R)QRPA ranges of NMEs are con- 
sidered by assuming 1.0 < g"^/^ < 1.25 and the Brueckner 
short-range correlations [3^. 



1. We have considered the Oi^/3/3-decay in the case of 
the inverted spectrum with mg < 5 • 10~^ eV. If 
mo ft 1 ■ 10~^ eV the neutrino mass spectrum is 
quasi-degenerate 



nil ~ TO2 ~ m3. 



(24) 



The effective Majorana mass is relatively large in 
this case and for both types of the neutrino mass 
spectrum is given by the expression 

mo(cos^ 6*13 cos 2^12 — sin'^ 6*13) < |m^^| < mo. (25) 

The allowed region for m^^g is presented by the re- 
gion between two parallel lines in the upper part 
of Fig[T] It is evident that the Majorana mass 
mechanism of the Oi^/3/3-decay can be checked also 
in the case of the quasi-degenerate spectrum if mg 
is known (from cosmological observations or from 
future /3-decay experiments KATRINjH, [111 ^^'^ 
MARE HI). 

2. In the case of normal neutrino mass spectrum with 
mo ^ v/A^~ 8.7-10"3eV we have normal mass 



hierarchjQ 



mi <^ 1712 <. ms. 



(26) 



For the sum of neutrino masses we have Sm^ 
this case. 



6 ■ 10-2 eV in 
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The effective Majorana mass is given in this case 
by the expression 

\'mpp \ ^ 

I cos^ 6*13 sin^ 6*12 ^J Ami + ^in^ 6*13 Am^e^'""'' \ 
< 3.9 • 10-3 eV. (27) 

Thus, in the case of the normal mass hierarchy 
|m^^| is too smah in order to be probed in the 
0;^/3/3-decay experiments of the next generation. 

3. The check of the Majorana neutrino mass mech- 
anism which we have discussed is possible even if 
an observation of the Oz^/3/3-decay is made for only 
one isotope. If the half-lives of the Oi//3/3-decay of 
several isotopes will be measured and all measured 
half-lives satisfy the inequality (P^ . this will be 
additional evidence in favor of the Majorana mass 
mechanism. Let us also notice that if the NME 
problem will be finally solved than (independently 
of the character of the neutrino mass spectrum and 
the value of the lightest neutrino mass) an informa- 
tion about the Majorana neutrino mass mechanism 
could be obtained by comparing the values of the 
effective Majorana mass determined from the mea- 
sured half-lives of different nuclei. If it would occur 
that the value of does not depend on the nu- 

cleus it would be an argument in favor of the seesaw 
origin of Majorana neutrino masses. 

V. CONCLUSION 

From the standard seesaw mechanism, based on the 
assumption that the total lepton number is violated at 



the (10" - 10^5) GeV scale, follows that the Majorana 
neutrino exchange mechanism is the only mechanism of 
the neutrinoless double /3-decay. In this case the half-life 
of the Oi^/3/3-decay is given by the general expression 
Thus, the test of the expression ([9]) could give us infor- 
mation about the validity of the standard seesaw mech- 
anism. We have demonstrated that this check could be 
performed if Oi^/3/3-decay will be observed in future ex- 
periments sensitive to the effective Majorana mass in the 
inverted mass hierarchy region, if a present cosmologi- 
cal bound on the sum of the neutrino mass will be im- 
proved down to 0.2 eV. For this case we calculated the 
allowed ranges of the half-lives of the Oz//3/3-decay of '^^Ca, 
^^Ge and other nuclei of experimental interest with the 
NMEs obtained in the framework of all methods existing 
at present. Of course, further progress in the calculation 
of the NMEs is desired to obtain more precise ranges for 
(HH). 
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